A sensitive and specific enzyme-linked immunosorbent assay was designed to measure the kinetics of Trypanosoma musculi-specific immunoglobulin M (IgM) and IgG responses in mice. Serum was obtained from congenitally athymic (nude) mice, their phenotypically normal, thymus-bearing littermates (NLM), and thymus cell-repaired nude mice (Nu-TC) at 6-day intervals throughout T. musculi parasitemia. NLM mice were shown to effect an antibody response to T. musculi that included an IgM to IgG shift and was correlated in time with reduction of parasite reproduction and stabilization of parasitemia. Nude mice were shown to effect a T. musculi-specific IgM response similar in onset and magnitude to that in NLM mice; this response was correlated in time with stabilization of parasitemia. Nu-TC mice were shown to effect IgM and IgG responses to T. musculi similar in time and magnitude to those in NLM mice. In marked contrast to NLM mice, Nu-TC mice did not exhibit suppression of T. musculi-specific IgM production after the IgM to IgG shift in response to this parasite.
Trypanosoma musculi is a stercorarian trypanosome that is infective to mice only. This protozoan hemoflagellate produces a self-limiting parasitemia that elicits two distinct immunological responses which are successive in time (19) . The first response (lst crisis) occurs by day 10 postinfection (PI) and results in the arrest of parasite reproduction and stabilization of the parasitemia by the cooperative action of two distinct host serum factors (17) (18) (19) : (i) trypanocidal antibody, a thymus-independent antibody (presumably immunoglobulin M [IgM] ) that purportedly sensitizes trypanosomes to clearance by the reticuloendothelial network (19) , and (11) ablastin, a thymus-dependent (presumably IgG) reproduction-inhibiting antibody (16) . By days 14 to 16 PI the second response (2nd crisis) occurs, which results in the elimination of the parasite from the peripheral blood by days 20 to 24 PI (17) . Although the 1st crisis is antibody mediated, the 2nd crisis does not depend on a direct (trypanocidal/trypanolytic) antibody effect, but appears to be dependent on cellular mechanism (7, 16, 18) .
Early studies on the kinetics of antibody responses involved in the 1st crisis in thymectomized mice or mice receiving antithymocyte serum suggest that thymus competence is requisite for ablastin production and hence control of parasite reproduction (16) (17) (18) (19) . Later studies of T. musculi infections in congenitally athymic (nude) mice (7) confirmed that both ablastin production and elimination of the parasite from the peripheral blood are thymus-dependent events.
Despite the importance of antibody in the initial control of T. musculi infections in mice, studies to date are largely incomplete and have produced confficting results. Early observations suggested that mice lacked detectable agglutinating antibody responses to T. musculi (14, 17) . In marked contrast, later studies have described agglutinating responses of mice directed against T. musculi in both qualitative (8) and quantitative (6) terms. In addition, precipitating antibodies directed against both exoantigens and cellular antigens of T. musculi have been detected in the serum of infected mice (19) .
Studies concerning the nature of the antibody response to T. musculi in mice are not in agreement, and quantitative descriptions of the antibody response of mice directed against T. musculi using current immunological techniques are lacking. Furthermore, although it has been theorized that nude mice are capable of a humoral response to T. musculi (3) (4) (5) (6) 16) Enumeration of parasitemia. Level of parasitemia (organisms per high-power field) and percentage of dividing parasites (percent dividing forms) were monitored by enumerating parasites on Giemsa-stained thin blood smears as previously described (9) .
Mice. Congenitally thymus-deficient nude mice (nul nu) and their phenotypically normal thymus-bearing littermates (NLM; nul± or ±/±) were obtained from a colony in which cross-intercross (12th cross-intercross) mating is in progress to derive a colony of nude and NLM mice-cogenic with BALB/c.
Adoptive transfer of thymus cells. Dispersed thymus cells were obtained from thymus glands of 5-day-old NLM BALB/c donors by forcing the glands through 80-mesh stainless-steel screens (Ambac Industries, Inc., Detroit, Mich.) in chilled phosphate-buffered saline (PBS) containing 2% normal mouse serum. Thymus cells were enumerated and assayed for viability by a trypan blue exclusion test (2); subsequently, 108 viable thymus cells were injected intravenously into each recipient nude mouse. Thymus cell-reconstituted nude mice (Nu-TC) were used in experiments 21 days after adoptive transfer.
Serum. Serum samples were obtained from T. musculi-infected NLM, nude, and Nu-TC mice on days 6, 12, 18, 24, and 48 PI. A volume of 0.5 ml of blood was drawn from each mouse via the retro-orbital plexus and allowed to clot in conical centrifuge tubes for 1 h at room temperature. Clots were separated from centrifuge tube walls, and blood was stored overnight at 4°C. Sera were separated from clots by centrifugation at 1,500 x g for 30 min at 4°C. For each group, the serum from 10 mice were pooled and stored at -70°C until used in experiments.
T. musculi antigen preparation. To produce a population of parasites for use as antigen, 60 BALB/c mice were sublethally irradiated (550 rads of 'Co) 24 h before infection with T. musculi. On day 9 PI, mice were bled into chilled heparinized buffered saline (5). Heparinized blood was centrifuged at 200 x g for 10 min at 4°C. Supernatant fluid was harvested up to the erythrocyte interface; discontinuous centrifugation was repeated two additional times. Supernatant fluid from the final discontinuous centrifugation was then centrifuged at 2,000 x g for 45 min at 4°C. Approximately 2 (12) .
RESULTS
Initial experiments were conducted to determine the sensitivity and specificity of our T. musculi-ELISA system. We found this ELISA to be highly sensitive; 100% of T. musculiinfected mice tested (60 of 60) were shown to demonstrate significant titers (-64 After the validation of our T. musculi-ELISA system, groups of T. musculi-infected NLM, nude, and Nu-TC mice were bled on days 0, 6, 12, 18, 28, and 48 PI; quantitation of organisms per high-power field, percent dividing forms, and T. musculi-specific IgM and IgG levels were performed for each day.
The results ( Fig. 1) show that typical T. musculi infections were produced in NLM, nude, and Nu-TC mice. NLM and Nu-TC parasitemias (organisms per high-power field) were shown to decrease significantly after day 12 PI, with elimination of parasites from the peripheral blood occurring by days 18 and 21 PI, respectively. Furthermore, parasite reproductive activity (percent dividing forms) in both NLM and Nu-TC mice was observed to decrease noticeably by day 12 PI. In marked contrast to NLM and Nu-TC mice, nude mice maintained high levels of parasitemia and parasite reproductive activity through day 48 PI, the extent of experimental observation. It should be noted that these observations are consistent with previously published reports (7) detailing T. musculi infections in nude and normal mice. (Fig. 2) ; IgM titers consistently decreased after day 18 PI, whereas IgG titers remained high (-512) through day 48, the extent of experimental observation. Nude mice (Fig. 2) exhibited high titers (264) of T. musculispecific IgM as early as day 6 PI and maintained these high titers throughout experimental observation. No appreciable T. musculi-specific IgG was detected at any time during infection in nude mice. Nu-TC mice (Fig. 2 ) demonstrated dramatic increases in T. musculi-specific IgM and IgG as early as day 6 PI. In marked contrast to NLM mice, Nu-TC mice did not exhibit a notable decrease in T. musculi-specific IgM titer; both IgM and IgG titers remained relatively high throughout experimental observation.
Collectively these data demonstrate that mice with thymus competence develop both IgM and IgG responses to T. musculi. It is noteworthy that Nu-TC mice were incapable of effecting suppression of T. musculi-specific IgM production after the IgM to IgG shift in response to this parasite. Finally, these data confirm that nude mice are capable of an IgM response to T. 
DISCUSSION
Previous studies have concluded that the initial acquired immune response to T. musculi (1st crisis) is effected by the combined action of two or more distinct antibodies (17) (18) (19) . Our data provide the first comparative quantitation of the T. musculi-specific IgM and IgG responses of nude and normal mice throughout the course of parasitemia.
Groups of T. musculi-infected NLM mice exhibited a parasite-specific antibody response that included an IgM to IgG shift followed by a suppression of parasite-specific IgM production. The initial antibody responses of NLM mice corresponded in time with the onset of the elements of the 1st crisis (inhibition of parasite reproduction and stabilization of parasitemia).
Groups of T. musculi-infected nude mice were found to be capable of effecting a parasitespecific IgM response that corresponded in time with the onset of the stabilization of the parasitemia (days 6 to 18). This T. musculi-specific IgM response was found to be similar in magnitude and time of onset to the T. musculi-specific IgM response of NLM and Nu-TC mice. These data suggest that although thymus-derived cells (T cells) are required for ablastin production (5, 7) and final elimination of T. musculi (3), T cells are not an absolute requirement for an antibody response to this parasite. Furthermore, it has been shown that nude mice are more resistant to T. musculi infection than sublethally irradiated (immunologically null) NLM mice (3, 4, 7) . It has been suggested that this resistance in nude mice is at least partially due to macrophages (4 1977 ). Lake and Reed observed that the activities of helper and amplifier T cells appeared to function normally in the antibody response to polyvinylpyrrolidone effected by Nu-TG mice, whereas the activity of cells which would normally exert a negative influence on the magnitude of the polyvinylpyrrolidone response was greatly diminished. The failure of Nu-TC mice to exert a negative influence of IgM production after the IgM-IgG shift in response to T. musculi may be due, therefore, to the functional inhibition or absence of regulatory subpopulations of T cells in Nu-TC mice. This hypothesis is not only consistent with current theories on T-cell regulation of antibody production (11, 13) , but is also highly concordant with the mechanistic explanations of how T cells and immunoglobulin molecules interact to effect suppression of IgM responses (15, 20) . It is noteworthy that the lack of suppression of IgM production after the IgM to IgG shift in response to Toxoplasma gondii has also been reported in thymus cell-deprived mice (1) .
We are currently using monoclonal antibody techniques to further define the mechanisms by which the events of the 1st crisis are effected in murine trypanosomiasis, particularly with respect to the ablastic phenomenon.
